Catalytic and thermodynamic properties of tetrahydromethanopterin-dependent serine hydroxymethyltransferase from Methanococcus jannaschii.
The reaction catalyzed by serine hydroxymethyltransferase (SHMT), the transfer of Cbeta of serine to tetrahydropteroylglutamate, represents in Eucarya and Eubacteria a major source of one-carbon (C1) units for several essential biosynthetic processes. In many Archaea, C1 units are carried by modified pterin-containing compounds, which, although structurally related to tetrahydropteroylglutamate, play a distinct functional role. Tetrahydromethanopterin, and a few variants of this compound, are the modified folates of methanogenic and sulfate-reducing Archaea. Little information on SHMT from Archaea is available, and the metabolic role of the enzyme in these organisms is not clear. This contribution reports on the purification and characterization of recombinant SHMT from the hyperthermophilic methanogen Methanococcus jannaschii. The enzyme was characterized with respect to its catalytic, spectroscopic, and thermodynamic properties. Tetrahydromethanopterin was found to be the preferential pteridine substrate. Tetrahydropteroylglutamate could also take part in the hydroxymethyltransferase reaction, although with a much lower efficiency. The catalytic features of the enzyme with substrate analogues and in the absence of a pteridine substrate were also very similar to those of SHMT isolated from Eucarya or Eubacteria. On the other hand, the M. jannaschii enzyme showed increased thermoactivity and resistance to denaturating agents with respect to the enzyme purified from mesophilic sources. The results reported suggest that the active site structure and the mechanism of SHMT are conserved in the enzyme from M. jannaschii, which appear to differ only in its ability to bind and use a modified folate as substrate and increased thermal stability.